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n Green fluorescent protein as a signal for
protein–protein interactions. Sang-Hyun Park and
Ronald T Raines. Protein Sci. 6, 2344–2349.
Green fluorescent protein (GFP) is autofluorescent and is
therefore useful in monitoring in vivo activities such as gene
expression and protein localization. GFP can be used in vitro to
reveal and characterize protein–protein interactions. The
interaction between the S-peptide and S-protein fragments of
ribonuclease A was chosen as a model system. GFP-tagged
S-peptide was produced and the interaction of this fusion protein
with S-protein was analyzed by two distinct methods. The
fluorescence gel retardation assay demonstrates the existence
of a protein–protein interaction and estimates the dissociation
constant (Kd) of the resulting complex. The fluorescence
polarization assay evaluates Kd in a specified homogeneous
solution and can be adapted for the high-throughput screening
of protein or peptide libraries. These two methods are
powerful new tools to probe protein–protein interactions.
November 1997. Protein Science.
n Metal ion chaperone function of the soluble Cu(I)
receptor Atx1. RA Pufahl, CP Singer, KL Peariso, S-J Lin,
PJ Schmidt, CJ Fahrni, V Cizewski Culotta, JE Penner-Hahn
and TV O’Halloran. Science 278, 853–856.
Reactive and potentially toxic cofactors such as copper ions
are imported into eukaryotic cells and incorporated into target
proteins by unknown mechanisms. Atx1, a prototypical copper
chaperone protein from yeast, has now been shown to act as a
soluble cytoplasmic Cu(II) receptor that can adopt either a two-
or three-coordinate metal center in the active site. Atx1 is also
associated directly with the Atx1-like cytosolic domains of
Ccc2, a vesicular protein defined in genetic studies as a member
of the copper-trafficking pathway. The unusual structure and
dynamics of Atx1 suggest a copper exchange function for this
protein and other related domains in the Menkes and Wilson
disease proteins.
31 October 1997. Science.
n Site-specific incorporation of biotinylated amino acids
to identify surface-exposed residues in integral
membrane proteins. Justin P Gallivan, Henry A Lester and
Dennis A Dougherty. Chem. Biol. 4, 739–749.
A key structural issue for all integral membrane proteins is the
exposure of individual residues to the intracellular or
extracellular media. This issue involves the basic trans-
membrane topology as well as more subtle variations in surface
accessibility. Direct methods to evaluate the degree of
exposure for residues in functional proteins expressed in living
cells would be highly valuable. The authors used the in vivo
nonsense suppression technique to incorporate biotinylated
unnatural amino acids into functional ion channels expressed
in Xenopus oocytes. Binding of 125I-streptavidin to biotinylated
receptors was used to determine the surface exposure of
individual amino acids. The biotin-containing amino acid
biocytin was efficiently incorporated into five sites. The in vivo
nonsense suppression technique has been extended to provide
the first in a potential series of methods to identify exposed
residues and the assess their relative exposure in functional
proteins expressed in Xenopus oocytes.
October 1997. Chemistry & Biology.
n Proteins on ribosome surface: measurements of
protein exposure by hot tritium bombardment
technique. Dmitry E Agafonov, Vyacheslav A Kolb and
Alexander S Spirin. Proc. Natl Acad. Sci. USA 94,
12892–12897.
The hot tritium bombardment technique has been applied to
measure the exposure of proteins on the ribosomal surface.
The technique is based on replacement of hydrogen by high
energy tritium atoms in thin surface layer of macromolecules.
Quantitation of tritium radioactivity of each protein has
revealed that proteins S1, S4, S5, S7, S18, S20, and S21 of the
small subunit, and proteins L7/L12, L9, L10, L11, L16, L17,
L24, and L27 of the large subunit are well exposed on the
surface of the Escherichia coli 70 S ribosome. Proteins S8, S10,
S12, S16, S17, L14, L20, L29, L30, L31, L32, L33, and L34
have virtually no groups exposed on the ribosomal surface.
The remaining proteins are found to be exposed to lesser
degree than the well exposed ones.
November 1997. Proceedings of the National Academy of
Science USA.
n Dynamics and unfolding pathways of a
hyperthermophilic and a mesophilic rubredoxin.
Themis Lazaridis, Irwin Lee and Martin Karplus. Protein Sci.
6, 2589–2605.
Molecular dynamics simulations in solution are performed for a
rubredoxin from the hyperthermophilic archaeon Pyrococcus
furiosus (RdPf) and one from the mesophilic organism
Desulfovibrio vulgaris (RdDv). The two proteins are simulated at
four temperatures: 300K, 373K, 473K (two sets), and 500K. An
analysis of the average energy contributions in the two proteins
is made and the results suggest that the intraprotein energy
stabilizes RdPf relative to RdDv. At 373K, the mesophilic
protein unfolds rapidly (it begins to unfold at 300 ps), whereas
the hyperthermophilic does not unfold over the simulation of
600 ps. This is in accord with the expected stability of the two
proteins. At 500K, both proteins unfold; the hyperthermophilic
protein does so faster than the mesophilic protein. The
unfolding behavior for the two proteins is found to be very
similar. The results obtained in the simulation are discussed in
terms of the factors involved in flexibility and thermostability.
December 1997. Protein Science.
n Crystal structure of cyclophilin A complexed with a
binding site peptide from the HIV-1 capsid protein. Felix
F Vajdos, Sanghee Yoo, Megan Houseweart, Wesley
I Sundquist and Christopher P Hill. Protein Sci. 6,
2297–2307.
The cellular protein, cyclophilin A (CypA), is incorporated into
the virion of the type 1 human immunodeficiency virus
(HIV-1) via a direct interaction with the capsid domain of the
viral Gag polyprotein. The paper demonstrates that the capsid
sequence His87–Ala88–Gly89–Pro90–Ile91–Ala92 (HAGPIA)
encompasses the primary cyclophilin A binding site and an
X-ray crystal structure of the CypA–HAGPIA complex is
presented. In contrast to the cis prolines observed in all
previously reported structures of CypA complexed with model
peptides, the proline in this peptide, Pro90, binds the
cyclophilin A active site in a trans conformation.
November 1997. Protein Science.
n Design of an expression system for detecting folded
protein domains and mapping macromolecular
interactions by NMR. Jeffrey R Huth, Carole A Bewley,
Belinda M Jackson, Alan G Hinnesbusch, G Marius Clore
and Angela M Gronenberg. Protein Sci. 6, 2359–2364.
Two protein expression vectors have been designed for the
preparation of NMR samples. The vectors encode the
immunoglobulin-binding domain of streptococcal protein G
(GB1 domain) linked to the N terminus of the desired
proteins. This fusion strategy takes advantage of the small size,
stable fold, and high bacterial expression capability of the GB1
domain to allow direct NMR spectroscopic analysis of the
fusion protein by 1H–15N correlation spectroscopy. Using this
system accelerates the initial assessment of protein NMR
projects such that, in a matter of days, the solubility and
stability of a protein can be determined.
November 1997. Protein Science.
n Effects of prolyl isomerase on the folding reactions of
staphylococcal nuclease. Sudha Veeraraghaven, Barry T
Nall and Anthony L Fink. Biochemistry 36, 15134–15139.
The low-temperature fluorescence-detected refolding of
staphyloccocal nuclease (SNase) can be described by three
slow kinetic phases. The slowest phase is absent in the
Pro117→Gly mutant of SNase. Peptidyl prolyl cis–trans
isomerase (cyclophilin) was employed to determine which of
the refolding reactions of SNase and Pro117→Gly SNase
involve proline isomerisation. It is reported that all three
refolding phases of the wild type and the slower phase of
Pro117→Gly SNase are catalyzed by prolyl isomerase. The
rates of these phases are denaturant-dependent, thus the slow
folding steps involve isomerisation of non-native cis proline
peptide bonds and are tightly coupled to denaturant-sensitive
structural changes.
9 December 1997. Biochemistry.
n “New-view” of protein folding reconciled with the old
through multiple unfolding simulations. Themis Lazaridis
and Martin Karplus. Science 278, 1928–1931.
A direct demonstration of the diversity of unfolding pathways
is provided by 24 molecular dynamics trajectories of
chymotrypsin inhibitor 2. Comparison with experiments
suggests that the transition state region for folding and
unfolding occurs early with only 25% of the native contacts and
that the rms deviations between contributing structures can be
as large as 15 Å. Nevertheless, a statistically preferred
unfolding pathway emerges from the simulations; disruption of
tertiary interactions between the helix and a two-stranded
portion of the β sheet is the primary unfolding event. The
results suggest a synthesis of the ‘new’ and the classical view of
protein folding with a preferred pathway on a funnel-like
average energy surface.
12 December 1997. Science.
n Chaos in protein dynamics. Michael Braxenthaler, Ron
Unger, Ditza Auerbach, James A Given and J Moult.
Proteins 29, 417–425.
Molecular dynamics (MD) simulations, currently the most
detailed description of the dynamic evolution of proteins, are
based on the repeated solution of a set of differential equations
implementing Newton's second law. Many such systems are
known to exhibit chaotic behavior (i.e. very small changes in
initial conditions are amplified exponentially and lead to vastly
different, inherently unpredictable behavior). The authors
have investigated the response of a protein fragment in an
explicit solvent environment to very small perturbations of the
atomic positions (10–3–10–9 Å). Independent of the starting
conformation (native-like, compact or extended), perturbed
dynamics trajectories deviated rapidly, leading to
conformations that differ by '1 Å rms deviation within 1–2 ps.
Furthermore, introducing the perturbation more than 1–2 ps
before a significant conformational transition leads to a loss of
the transition in the peturbed trajectories. Evidence is
presented to show that the observed chaotic behavior reflects
physical properties of the system rather than numerical
instabilities of the calculation. The implications for models of
protein folding and the use of MD as a tool to analyze protein
folding pathways are discussed.
December 1997. Proteins: Structure, Function, and Genetics.
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n Statistical mechanics of simple models of protein
folding and design. Vijay S Pande, Alexander Yu Grosberg
and Toyoichi Tanaka. Biophys. J. 73, 3192–3210.
It is now believed that the primary equilibrium aspects of
simple models of protein folding are understood theoretically.
Current theories, however, often resort to rather heavy
mathematics to overcome some technical difficulties inherent
in the problem or start from a phenomenological model. A new
approach is taken here in this pedagogical review of the
statistical mechanics of protein folding. The benefit of the
approach is a drastic mathematical simplification of the theory,
without resorting to any new approximations or
phenomenological prescriptions. Indeed, the results obtained
agree precisely with previous calculations. Because of this
simplification, a thorough and self-contained treatment of the
problem can be presented. Topics discussed include the
statistical mechanics of the random energy model (REM), tests
of the validity of the REM as a model for heteropolymer
freezing, freezing transitions of random sequences, phase
diagrams of designed (‘minimally frustrated’) sequences, and
the degree to which errors in the interactions employed in
simulations of folding and design can still lead to correct
folding behavior.
December 1997. Biophysical Journal.
n Ligand binding to proteins: the binding landscape
model. David W Miller and Ken A Dill. Protein Sci. 6,
2166–2179.
Models of ligand binding are often based on four assumptions:
steric fit, binding is determined mainly by shape complemen-
tarity; native binding, ligands mainly bind to native states;
locality, ligands perturb protein structures mainly at the
binding site; and continuity, small changes in ligand or protein
structure lead to small changes in binding affinity. Using a
generalization of the 2D HP lattice model, ligand binding is
studied and these assumptions are explored. The model is
validated by showing that it reproduces typical binding
behaviors. Cases where the model predicts violations of the
standard assumptions are then explored (e.g. very different
binding modes can result from two ligands of identical shape).
Ligands can sometimes bind highly denatured states more
tightly than native states and yet have Michaelis–Menten
isotherms. Even low-population binding to denatured states
can cause changes in global stability, hydrogen-exchange rates,
and thermal B-factors, contrary to expectations, but in
agreement with experiments. In conclusion, ligand binding,
similar to protein folding, may be better described in terms of
energy landscapes than in terms of simpler mass-action models
October 1997. Protein Science.
n A structural census of genomes: comparing bacterial,
eukaryotic, and archaeal genomes in terms of protein
structure. Mark Gerstein. J. Mol. Biol. 274, 562–576.
Representative genomes from each of the three kingdoms of
life are compared in terms of protein structure, in particular,
those of Haemophilus influenzae (a bacteria), Methanococcus
jannaschii (an archaeon), and yeast (a eukaryote). Comparison
of secondary structure shows that the three genomes have
nearly the same overall secondary structure content, although
they differ markedly in amino acid composition. Comparison of
super-secondary structure, shows that yeast has a
preponderance of consecutive β strands, Haemophilus,
consecutive α helices, and Methanococcus, alternating helix-
strand structures. Yeast also has significantly more helical
membrane proteins than the other two genomes, with most of
the differences concentrated in proteins containing two
transmembrane segments. Comparison of tertiary structure
highlights the substantial duplication in each genome
(~30–50%), with the degree of duplication following similar
patterns in all three. Many sequence families are shared among
the genomes, with the degree of overlap between any two
genomes being roughly similar. Moreover, the five most
common of the 45 folds present in all three genomes have a
remarkably similar super-secondary structure architecture,
containing a central sheet of parallel strands with helices
packed onto at least one face and β–α–β connections between
adjacent strands. These most basic molecular parts, which,
presumably, were present in the last common ancestor to the
three kingdoms, include the TIM-barrel, Rossmann,
flavodoxin, thiamin-binding, and P-loop-hydrolase folds.
12 December 1997. Journal of Molecular Biology.
n Folding of barnase in the presence of the molecular
chaperone secB. Gun Stenberg and Alan R Fersht. J. Mol.
Biol. 274, 268–275.
SecB is a molecular chaperone dedicated to interact
exclusively with proteins destined for translocation across
membranes. The authors find that SecB interacts with
barnase during its folding in a similar manner to its
interaction with GroEL. On mixing acid-denatured barnase
with SecB in a stopped-flow spectrofluorimeter under
conditions that favour refolding, a series of fluorescence
changes is observed, corresponding to the binding of the
denatured protein and the subsequent refolding of multiply
and singly bound forms. The different phases were assigned
using a combination of kinetics and mutant proteins. The
refolding of barnase when bound to SecB is strongly retarded
but never blocked. Multiply bound barnase is less tightly
bound and refolds with a higher rate constant than singly
bound barnase. Up to 4 mol of denatured barnase bind to
1 mol of tetrameric SecB.
28 November 1997. Journal of Molecular Biology.
n Active unfolding of precursor proteins during
mitochondrial protein import. Andreas Matouschek,
Abdussalam Azem, Kevin Ratliff, Benjamin S. Glick, Karl
Schmid and Gottfried Schatz. EMBO J. 16, 6727–6736.
Precursor proteins made in the cytoplasm must be in an
unfolded conformation during import into mitochondria. Some
precursor proteins have tightly folded domains but are
imported faster than they unfold spontaneously, implying that
mitochondria can unfold proteins. The authors measured
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import rates of artificial precursors containing presequences of
varying lengths fused to either mouse dihydrofolate reductase
or bacterial barnase. It was found that unfolding of a precursor
at the mitochondrial surface is dramatically accelerated when
its presequence is long enough to span both membranes and
to interact with mhsp70 in the mitochondrial matrix. If the
presequence is too short, import is slow but can be strongly
accelerated by urea-induced unfolding, suggesting that import
of these ‘short’ precursors is limited by spontaneous unfolding
at the mitochondrial surface. With precursors that have
sufficiently long presequences, unfolding by the inner-
membrane import machinery can be orders of magnitude
faster than spontaneous unfolding, suggesting that mhsp70
can act as an ATP-driven force-generating motor during
protein import.
15 November 1997. EMBO Journal.
n Structure of the substrate binding domain of the
thermosome, an archaeal group II chaperonin. Martin
Klumpp, Wolfgang Baumeister and Lars-Oliver Essen. Cell
91, 263–270.
The crystal structure of the substrate-binding domain of the
thermosome, the archaeal group II chaperonin, has been
determined at 2.3 Å resolution. The core resembles the apical
domain of GroEL but lacks the hydrophobic residues implied
in binding of substrates to group I chaperonins. Rather, a large
hydrophobic surface patch is found in a novel helix–turn–helix
motif, which is characteristic of all group II chaperonins
including the eukaryotic TRiC/CCT complex. Models of the
holochaperonin, which are consistent with cryoelectron
microscopy data, suggest a dual role of this helical protrusion in
substrate binding and controlling access to the central cavity
independent of a GroES-like cochaperonin.
17 October 1997. Cell.
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